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(57) ABSTRACT 

Acolor shutter, comprising ?rst, second and third polarizers, 
?rst and second retarders, ?rst and second polarizing 
rotators, and at least one absorption type partial polarizer. 
The color shutter is constructed such that the ?rst retarder is 
arranged betWeen the ?rst polarizer and the second polarizer, 
that the second retarder is arranged betWeen the second 
polarizer and the third polarizer, that the ?rst polarizing 
rotator is arranged betWeen the ?rst polarizer and the second 
polarizer, that the second polarizing rotator is arranged 
betWeen the second polarizer and the third polarizer, at least 
one of the ?rst polarizing rotator and the second polarizing 
rotator is arranged in a manner to be sandwiched betWeen 
the second polarizer and the ?rst or second retarder, that the 
absorption type partial polarizer is arranged betWeen the ?rst 
polarizing rotator and the ?rst retarder and/or betWeen the 
second polarizing rotator and the second retarder, and that 
the transmitted light can be changed into the three primary 
colors of RGB by selecting the voltage applied to the ?rst 
and second polarizing rotators. 

15 Claims, 14 Drawing Sheets 
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COLOR SHUTTER AND COLOR IMAGE 
DISPLAY APPARATUS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is based upon and claims the bene?t of 
priority from the prior Japanese Patent Application No. 
11-280352, ?led Sep. 30, 1999, the entire contents of Which 
are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

The present invention relates to a color shutter for ?eld 
sequentially separating a White light into RGB components, 
and a display apparatus for displaying a color image by 
?eld-sequentially mixing the color components. 
A system for displaying a color image includes a spatial 

division display for displaying an RGB image by dividing 
the RGB image into the RGB components for pixels and a 
?eld-sequential additive color mixing display in Which an 
RGB image is displayed With time and an RGB color ?lter 
is sWitched in synchroniZation With the image. 

The ?eld-sequential additive color mixing display is supe 
rior to the spatial division display in ?neness because the 
pixel need not be divided into RGB components in the 
?eld-sequential additive color mixing display. In the ?eld 
sequential additive color mixing display, the method of 
rotating a disc-like ?lter divided into three color regions of 
RGB in synchroniZation With each RGB image display is 
most Widely knoWn to the art. 

A method of sWitching the displayed color Without using 
a mechanical rotation mechanism is disclosed in, for 
example, US. Pat. No. 5,387,920 to Bos et al. Speci?cally, 
proposed is a so-called “liquid crystal color shutter system” 
in Which a color polariZer is arranged on each of the front 
surface and the rear surface of tWo liquid crystal cells, and 
the polariZing plane of the light is controlled by the on/off 
sWitching of the liquid crystal cells so as to select the 
Wavelength of light absorbed by the polariZer and, thus, to 
achieve an RGB display. 

In the liquid crystal color shutter disclosed in this prior 
art, a plurality of color polariZers differing from each other 
in the color phase are arranged on an optical path such that 
the absorption axes are rendered perpendicular to each other. 
For example, a yelloW color polariZer, Which transmits green 
and red lights and absorbs a Wavelength region of blue, and 
a blue color polariZer, Which absorbs a Wavelength region of 
yelloW, are arranged such that the absorption axes of these 
tWo polariZers are rendered perpendicular to each other. 
Similarly, a red color polariZer and a cyan color polariZer are 
arranged such that the absorption axes of these tWo polar 
iZers are rendered perpendicular to each other. Further, a 
liquid crystal cell is arranged betWeen these tWo sets of color 
polariZers, and an achromatic polariZer, Which is a linear full 
Wavelength polariZer region, and a liquid crystal cell are 
added so as to select the axis of polariZation of the incident 
light or leaving light. 

It should be noted that a red display can be achieved by 
using a polariZed light transmitting through the absorption 
axes of the yelloW color polariZer and the red color polariZer. 
Also, a green display can be achieved by the combination of 
the yelloW color polariZer and the cyan color polariZer. 
Further, a blue display can be achieved by the combination 
of the blue color polariZer and the cyan color polariZer. 

The liquid crystal color shutter is advantageous in that a 
mechanical operation is not involved therein, and its space 
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2 
saving because the area of the display screen can be made 
equal to the area of the color shutter. 

In the liquid crystal color shutter, a colorant-based color 
polariZer prepared by impregnating a PVA (polyvinyl 
alcohol) substrate With a dichroic colorant, folloWed by 
applying an orienting treatment by stretching to the impreg 
nated PVA substrate is used as the color polariZer. As shoWn 
in FIG. 1, the colorant-based color polariZer is a partial 
polariZer capable of absorbing a speci?ed Wavelength of a 
polariZed light having a polariZing plane in the direction of 
the absorption axis. 
The liquid crystal color shutter using the particular 

colorant-based color polariZer is defective in that the trans 
mittance is markedly loW. For example, the absorption axis 
transmitting characteristics of the colorant-based color 
polariZer are shoWn in FIG. 6 of a literature “Proceedings of 
the SID” Vol. 26/2 (1985), 157—161. 
As apparent from FIG. 6 of the literature quoted above, 

curves of the transmittance characteristics are sharp and the 
dichroic ratio is suf?cient in the red polariZer and the yelloW 
polariZer. HoWever, the characteristics of the blue polariZer 
and the cyan polariZer are markedly inferior. Therefore, 
Where a liquid crystal color shutter is formed by using these 
colorant-series color polariZers, the transmittance is mark 
edly loWered. 
Under the circumstances, a PRS (PolariZer Retarder 

Stack) is proposed in recent years by Sharp et al. as a color 
polariZer performing the function similar to that performed 
by a dichroic color polariZer and used in a liquid crystal 
color shutter in place of the dichroic color polariZer (US. 
Pat. No. 5,751,384). The PRS is formed by laminating a 
plurality of birefringent retardation ?lms (i.e., at least about 
5 ?lms) on an achromatic polariZer in a phase axis direction 
of a predetermined angle. 
By setting the retardation and the phase axis direction of 

the birefringent retardation ?lm appropriately in the PRS, it 
is possible to alloW the White light incident on the side of the 
achromatic polariZer to be emitted from the polariZer at 
different angles relative to the optical axis of the achromatic 
polariZer depending on the Wavelength region of the light, as 
shoWn in FIG. 2. For example, the light having the Wave 
length region of blue is emitted at 0° and the light having 
Wavelength regions of green and red (yelloW) is emitted at 
90° relative to the optical axis of the achromatic polariZer. It 
folloWs that this example is equal to the case Where dichroic 
colorant polariZers of blue and yelloW are arranged such that 
the absorption axes of these tWo polariZers are perpendicular 
to each other. The PRS does not include an absorption 
medium other than the absorption axis of the achromatic 
polariZer and, thus, has a high transmittance, compared With 
the dichroic colorant polariZer. 
The liquid crystal color shutter employs the system that 

the transmitting color is sWitched by controlling the polar 
iZing plane of the incident light. Therefore, Where an unpo 
lariZed natural light is assumed to be the incident light, one 
polariZed component is absorbed during conversion from the 
unpolariZed light into a polariZed light. Thus, the liquid 
crystal color shutter is essentially loWer in its transmittance 
than the color ?lter. Naturally, it is important to improve the 
transmittance of the liquid crystal color shutter. 
The optical characteristics of the color polariZer consti 

tuting the liquid crystal shutter greatly affects the transmit 
tance of the liquid crystal color shutter. When it comes to the 
tWo color polariZers of the dichroic colorant polariZer and 
the PRS, the PRS system is advantageous in transmittance 
because the absorbing member is not included in the mem 
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bers other than the achromatic polariZer. On the other hand, 
in the PRS system, the incident light is separated into 
mutually complementary colors such as blue/yelloW or 
cyan/red in the aXes of the polarized light perpendicular to 
each other. It folloWs that it is impossible to cut the undes 
ired light, With the result that the component of the inter 
mediate Wavelength region in the boundary region betWeen 
blue and green and betWeen green and red is alloWed to be 
contained in any of the color display of the RGB displays. 
Such being the situation, it is dif?cult to improve the color 
purity in all of RGB colors. 
As an eXample speci?cally shoWing the above-noted 

problem, the construction of the conventional liquid crystal 
color shutter using PRS, the transmittance characteristics at 
each PRS, and the RGB color reproducing region in the 
CIE1976UCS chromaticity diagram are shoWn in FIGS. 3 to 
9. 

Speci?cally, FIG. 3 shoWs as an eXample the construction 
of a LCCS (liquid crystal color shutter) using PRS. Polar 
iZing rotators 103, 104 consisting of liquid crystal cells are 
inserted betWeen achromatic polariZers 105 and 106 and 
betWeen the polariZers 106 and 107, respectively. By con 
trolling the voltage applied to each of these polariZing 
rotators 103 and 104, it is possible to select in a binary 
fashion the transmission/90° rotation of the polariZer, mak 
ing it possible to give four kinds of polariZed states to the 
incident light. Further, birefringent retardation ?lms 108 and 
109 are inserted such that the achromatic polariZer 105 and 
the birefringent retardation ?lm 108 constitute a PRS struc 
ture. Likewise, the achromatic polariZer 106 and the bire 
fringent retardation ?lm 109 constitute another PRS struc 
ture. 

FIG. 4 shoWs the relationship betWeen the transmittance 
and the Wavelength With respect to the polariZed component 
of the light passing through the achromatic polariZer 105 and 
the birefringent retardation ?lm layer 108, said polariZed 
component having aXes of polariZation in the directions of a 
transmission aXiX and an absorption aXis of the achromatic 
polariZer 105. The birefringent retardation ?lm 108 is of a 
?ve-layer structure, each layer having a retardation value of 
600 nm and the directions of the fast aXes of these ?ve layers 
being arranged at 45°/—15°/—15°/10°/10° relative to the 
transmission aXis of the achromatic polariZer 105. As appar 
ent from FIG. 4, a color polariZer of yelloW/blue is formed 
in this PRS structure. 

On the other hand, FIG. 5 shoWs the relationship betWeen 
the transmittance and the Wavelength With respect to the 
polariZed light component of the light passing through the 
achromatic polariZer 106 and the birefringent retardation 
?lm layer 109, said polariZed light component having aXes 
of polariZation in the directions of a transmission aXis and an 
absorption aXis of the achromatic polariZer. The birefringent 
retardation ?lm layer 109 is of a siX-layer structure, each 
layer having a retardation value of 643 nm, and the direc 
tions of the fast aXes being arranged at 8.3°/18°/18°/—3.7°/— 
45°/—78° relative to the transmission aXis of the achromatic 
polariZer 106. As apparent from FIG. 5, a red/cyan color 
polariZer is formed in this PRS structure. 
By the combination of these tWo kinds of the PRS 

structures and the achromatic polariZer 107, the RGB trans 
mission characteristics obtained by the voltage control of the 
liquid crystal cells 103 and 104 are represented by 3001 
(blue), 3002 (green) and 3003 (red) as shoWn in FIG. 6. 

Suppose an image display apparatus of a ?eld-sequential 
color miXing display is formed by arranging the liquid 
crystal color shutter described above on the front surface of 

10 

15 

25 

35 

45 

65 

4 
a monochromatic CRT. In this case, the color reproducing 
region calculated in vieW of the emission spectrum of a 
standard phosphor P22 for a TV used as a light source is as 
shoWn in FIG. 7. Incidentally, the emission spectrum of P22 
is denoted in FIG. 6 by a reference numeral 704. 

In the CIE1976UCS chromaticity diagram shoWn in FIG. 
7, the RGB color reproducing region in the ordinary CRT, in 
Which the RGB display Was performed by the spatial color 
miXing display, is represented by the reference numeral 801. 
On the other hand, the RGB color reproducing region by the 
conventional construction as shoWn in FIG. 3 is represented 
by reference numeral 3101. As apparent from FIG. 7, the 
RGB color reproducing region 3101 in the conventional 
structure as shoWn in FIG. 3 is insuf?cient in the chroma of 
red and blue, compared With the RGB color reproducing 
region 801 in the ordinary CRT. 

It is possible to shift the transmittance characteristics 
shoWn in FIGS. 4 and 5 by changing the retardation values 
of the tWo kinds of PRS structures. HoWever, if the chroma 
of each of red and blue is improved, the chroma of green is 
loWered. In other Words, the color purity of each of RGB 
bears a trade-off relationship. 

Even Where the phosphor for CRT is changed into a three 
Wavelength type as another example, the chroma of blue is 
certainly improved if the RGB color reproducing properties 
are similarly calculated on the assumption of the typical P45 
phosphor (FIG. 28, 904). HoWever, the chroma of red 
becomes greatly de?cient as denoted by the reference 
numeral 3301 in FIG. 9. 

On the other hand, in order to improve the color purity by 
absorbing the light component having an intermediate Wave 
length region, Sharp et al. have proposed a system in Which 
a pre-?lter, i.e., an achromatic polariZer and a plurality of 
birefringent retardation ?lms, is added to a light shutter 
based on the PRS system (FIGS. 38 and 39 of US. Pat. No. 
5,929,946). 

In this system, hoWever, it is dif?cult to control indepen 
dently the absorption Wavelength region and the absorption 
pro?le in the intermediate Wavelength regions betWeen blue 
and green and betWeen green and red. Also, the addition of 
the achromatic polariZer and the birefringent retardation 
?lms makes the construction and the manufacturing process 
complex and causes reduction in the transmittance because 
of the transmission loss of the ?lms. 

As described above, it is necessary to improve the color 
purity of the RGB displayed colors While improving the 
transmittance in the liquid crystal color shutter. In the 
constructions proposed to date, hoWever, there Were some 
merits and some demerits simultaneously, making it difficult 
to satisfy these tWo requirements simultaneously. 

BRIEF SUMMARY OF THE INVENTION 

An object of the present invention is to provide a color 
shutter that permits improving the color purity of each of 
RGB displayed colors While improving the transmittance. 

Another object of the present invention is to provide a 
color image display apparatus provided With a color shutter 
of the present invention. 

According to a ?rst aspect of the present invention, there 
is provided a color shutter, comprising ?rst, second and third 
polariZers polariZing the incident light over the entire region 
of the visible Wavelengths and arranged in the order men 
tioned as vieWed from the side of the incident light; ?rst and 
second retarders each having a plurality of birefringent 
layers; ?rst and second polariZing rotators changing the 
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angle of rotation of the polarizing plane by application of a 
voltage over the entire region of the visible Wavelengths of 
the incident light; and at least one absorption type partial 
polariZer converting the incident light into a polarized light 
by absorbing a part of the Wavelength regions of the incident 
light, Wherein the ?rst retarder is arranged betWeen the ?rst 
polariZer and the second polariZer; the second retarder is 
arranged betWeen the second polariZer and the third polar 
iZer; the ?rst polariZing rotator is arranged betWeen the ?rst 
polariZer and the second polariZer; the second polariZing 
rotator is arranged betWeen the second polariZer and the 
third polariZer; at least one of the ?rst polariZing rotator and 
the second polariZing rotator is arranged in a manner to be 
sandWiched betWeen the second polariZer and the ?rst or 
second retarder; the absorption type partial polariZer is 
arranged betWeen the ?rst polariZing rotator and the ?rst 
retarder and/or betWeen the second polariZing rotator and the 
second retarder; and the transmitted light can be changed 
into the three primary colors of RGB by selecting the voltage 
applied to the ?rst and second polariZing rotators. 

According to a second aspect of the present invention, 
there is provided a color image display apparatus, compris 
ing an image display mechanism displaying a monochro 
matic tWo dimensional image, and the color shutter of the 
present invention arranged on the front surface of the display 
screen of the image display mechanism, Wherein the image 
display mechanism sequentially displays a monochromatic 
image for the three primary colors of RGB, and the trans 
mitted color of the color shutter can be sWitched in syn 
chroniZation With the image display. 

Additional objects and advantages of the invention Will be 
set forth in the description Which folloWs, and in part Will be 
obvious from the description, or may be learned by practice 
of the invention. The objects and advantages of the invention 
may be realiZed and obtained by means of the instrumen 
talities and combinations particularly pointed out hereinaf 
ter. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

The accompanying draWings, Which are incorporated in 
and constitute a part of the speci?cation, illustrate presently 
preferred embodiments of the invention, and together With 
the general description given above and the detailed descrip 
tion of the preferred embodiments given beloW, serve to 
eXplain the principles of the invention. 

FIG. 1 schematically shoWs the transmission characteris 
tics of a dichroic colorant polariZer; 

FIG. 2 schematically shoWs the transmission characteris 
tics of PRS; 

FIG. 3 shoWs the construction of the conventional color 
shutter; 

FIG. 4 is a graph shoWing the spectral transmittance 
characteristics obtained by the ?rst full Wavelength polariZer 
and the ?rst retarder in the conventional color shutter; 

FIG. 5 is a graph shoWing the spectral transmittance 
characteristics obtained by the second full Wavelength polar 
iZer and the second retarder in the conventional color 
shutter; 

FIG. 6 is a graph shoWing the RGB spectral transmittance 
characteristics and the P22 phosphor emission spectrum 
obtained in the conventional color shutter; 

FIG. 7 is a chromaticity diagram shoWing the RGB color 
reproducing region obtained by the combination With the 
P22 phosphor in the conventional color shutter; 
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FIG. 8 is a graph shoWing the RGB spectral transmittance 

characteristics and the P45 phosphor emission spectrum 
obtained in the conventional color shutter; 

FIG. 9 is a chromaticity diagram shoWing the RGB color 
reproducing region obtained by the combination With the 
P45 phosphor in the conventional color shutter; 

FIG. 10 shoWs the construction of a color shutter accord 
ing to a ?rst embodiment of the present invention; 

FIG. 11 shoWs the polariZing plane rotating method of an 
antiferroelectric liquid crystal cell constituting a polariZing 
rotator in the ?rst embodiment of the present invention; 

FIG. 12 shoWs the polariZing plane rotating method of an 
antiferroelectric liquid crystal cell constituting a polariZing 
rotator in the ?rst embodiment of the present invention; 

FIG. 13 is a graph shoWing the spectral transmittance 
characteristics obtained by the ?rst full Wavelength polariZer 
and the ?rst retarder and the spectral transmittance charac 
teristics of the ?rst partial polariZer in the ?rst embodiment 
of the present invention; 

FIG. 14 is a graph shoWing the spectral transmittance 
characteristics obtained by the second full Wavelength polar 
iZer and the second retarder and the spectral transmittance 
characteristics of the second partial polariZer in the ?rst 
embodiment of the present invention; 

FIG. 15 is a graph shoWing the RGB spectral transmit 
tance characteristics and P22 phosphor emission spectrum 
obtained in the ?rst embodiment of the present invention; 

FIG. 16 is a chromaticity diagram shoWing the RGB color 
reproducing region obtained by the combination With P22 
phosphor in the ?rst embodiment of the present invention; 

FIG. 17 is a graph shoWing the RGB spectral transmit 
tance characteristics and the P45 phosphor emission spec 
trum obtained in the ?rst embodiment of the present inven 
tion; 

FIG. 18 is a chromaticity diagram shoWing the RGB color 
reproducing region obtained by the combination With P45 
phosphor in the ?rst embodiment of the present invention; 

FIG. 19 shoWs the construction of a color shutter accord 
ing to a second embodiment of the present invention; 

FIG. 20 is a graph shoWing the spectral transmittance 
characteristics obtained by the second full Wavelength polar 
iZer and the second retarder and the spectral transmittance 
characteristics of the ?rst partial polariZer in the second 
embodiment of the present invention; 

FIG. 21 is a graph shoWing the RGB spectral transmit 
tance characteristics and the P22 phosphor emission spec 
trum obtained in the second embodiment of the present 
invention; 

FIG. 22 is a chromaticity diagram shoWing the RGB color 
reproducing region obtained by the combination With P22 
phosphor in the second embodiment of the present inven 
tion; 

FIG. 23 shoWs the construction of a color shutter accord 
ing to a third embodiment of the present invention; 

FIG. 24A shoWs the construction of a combination of a 
color shutter and a CRT according to a fourth embodiment 
of the present invention; 

FIG. 24B shoWs a plurality of divided display regions of 
the color shutter shoWn in FIG. 24A; 

FIGS. 25A and 25B shoW the driving method of the color 
shutter shoWn in FIG. 24A; 

FIG. 26A shoWs the construction in Which a color shutter 
is used in a transmission type single plate liquid crystal 
projector according to a ?fth embodiment of the present 
invention; 
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FIGS. 26B and 26C show the driving sequence of the 
color shutter shown in FIG. 26A; 

FIG. 27 shows the construction in which a color shutter is 
used in DMD according to a sixth embodiment of the present 
invention; 

FIG. 28 shows the construction in which a color shutter is 
used in a two plate re?ection type liquid crystal projector 
according to a seventh embodiment of the present invention; 

FIG. 29 shows the driving method of the color shutter 
according to the seventh embodiment of the present inven 
tion; and 

FIG. 30 shows the construction in which a color shutter is 
used in an image pickup tube according to an eighth embodi 
ment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The color shutter of the present invention comprises at 
least three polariZers of the full wavelength type, i.e., 
achromatic polariZers, and is constructed such that a retarder 
consisting of at least two sets of a plurality of birefringent 
retardation ?lms is inserted between adjacent achromatic 
polariZers, a polariZing rotator capable of controlling the 
polariZing plane at 0° (transmission)/90° rotation, mainly a 
liquid crystal cell, is interposed between adjacent achro 
matic polariZers such that at least one set of the retarder is 
positioned on the outside of the liquid crystal cell, and at 
least one absorption type partial polariZer, mainly a dichroic 
colorant type colored polariZer, is inserted between the 
retarder and the polariZing rotator. 

It is possible to construct the color shutter of the present 
invention such that the transmitted spectrum of the ?rst 
polariZation axis among the ?rst and second polariZation 
axes perpendicular to each other on the light emitting plane 
of the ?rst retarder constitutes one of the three primary 
colors in the additive color mixing display, that the trans 
mitted spectrum of the second polariZation axis constitutes 
a complementary color of the wavelength spectrum trans 
mitted through the ?rst polariZation axis, that the transmitted 
spectrum of the third polariZation axis among the third and 
fourth polariZation axes perpendicular to each other on the 
light-emitting plane of the second retarder constitutes one of 
the three primary colors in the additive color mixing display, 
which differs from the color of the polariZed light transmit 
ted through the ?rst polariZation axis in the light-emitting 
plane of the ?rst retarder, that the transmitted spectrum of 
the fourth polariZation axis constitutes a complementary 
color of the wavelength spectrum transmitted through the 
third polariZation axis, and that the absorption axis of the 
absorption type partial polariZer extends in a direction 
substantially conforming with the extending direction of the 
polariZation axis of the retarder. 

To be more speci?c, it is possible to use a chromatic 
polariZer containing a dichroic colorant as the absorption 
type partial polariZer and to use the ?rst and second retarders 
as the birefringent retardation ?lm. 

Also, it is desirable for the absorption axis in the absorp 
tion type partial polariZer to exhibit characteristics of 
absorbing the region on the side of the short wavelength in 
the visible wavelength range and for its absorption edge to 
be present on the side of the long wavelength compared with 
the wavelength region of the transmitted wavelength spec 
trum in the polariZation axis substantially conforming with 
the absorption axis with respect to the ?rst polariZer and the 
?rst retarder or with respect to the second polariZer and the 
second retarder. 
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Incidentally, it is desirable for the polariZing rotator to 

consist of a liquid crystal cell having a retardation falling 
within a range of between 200 nm and 350 nm and a 
response time not longer than 1.5 ms. It is also desirable for 
the rotation angle of the polariZed plane of the incident light 
to be switched between 0° (180°) and 90°. 

It is possible to use a PBS (polarized beam splitter) or a 
circular polariZer, i.e., a linear polariZer prepared by adding 
1A1 wavelength plate to, for example, a cholesteric liquid 
crystal, as an full wavelength type polariZer, i.e., an achro 
matic polariZer, in addition to an iodine type or a dichroic 
colorant series absorption type polariZer that is generally 
used in an LCD (liquid crystal display element). 

In general, a PC (polycarbonate) having an stretching 
treatment applied thereto in general is used as a birefringent 
retardation ?lm included in the retarder. In addition, it is also 
possible to use a ?lm optically transparent and exhibiting 
birefringence properties such as a ?lm of PVA (polyvinyl 
alcohol), a ?lm of PSF (polysulfone), or a ?lm of PMMA 
(polymethyl methacrylate). It is also possible to use a 
birefringence optical crystal such as SiO2 or LiNbO3. 

At least three layers are laminated one upon the other for 
each set of the retarder, and all of these layers assume the 
same value of retardation in principle. Needless to say, 
however, it is possible for the fast axes of two of these layers 
to extend in the same direction depending on the combina 
tion and, thus, it is possible to substitute a layer having twice 
the value of retardation for these two layers. 

In general, a uniaxial retardation ?lm is used as the 
birefringent retardation structure. However, it is desirable to 
use a biaxial retardation ?lm because it is possible to 
diminish the change in retardation with respect to an 
obliquely incident light. To be more speci?c, it is possible to 
markedly widen the range of viewing angle giving charac 
teristics substantially equal to those in the vertical direction 
by using a biaxial retardation ?lm having the retardation 
compensated appropriately. 

Concerning the appropriate conditions of the biaxial retar 
dation ?lm, it is desirable for the inplane refractive index nx, 
ny, i.e., An=nx—ny, and the refractive index nZ in the thickness 
direction to meet the relationship: nZ=(nx+ny)/2. 
Two sets of color polariZers are formed by each set of at 

least two sets of retarders each consisting of a plurality of 
layers and a full wavelength polariZer arranged in the front 
stage or rear stage of the retarder. Where the full wavelength 
polariZer is arranged in the front stage in each color 
polariZer, the emitted transmitted light relative to the inci 
dent white light is any of the combinations that permit the 
polariZation axes perpendicular to each other to form a 
polariZed light having a color of red/cyan, green/magenta or 
blue/yellow. In addition, it is important to set the two sets of 
color polariZers in different combinations, e.g., blue/yellow 
for the front stage and red/cyan for the rear stage. 
The transmitted spectrum in these polariZation axes can 

be adjusted by the combination of the polariZation axis of the 
full wavelength polariZer and the direction of the fast axis of 
the retarder as well as by the retardation of the retarder. 
Where the full wavelength polariZer is arranged on the 

rear stage of the retarder, the emitted transmitted color is 
made to form the above-noted combination by selecting 
appropriately the combinations of the incident polariZation 
angles perpendicular to each other and by selecting any one 
of the incident polariZation angles. Incidentally, the polar 
iZation main axes perpendicular to each other on the side of 
the retarder does not necessarily conform with the transmis 
sion axis and the absorption axis of the full wavelength 
polariZer. 
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In general, a liquid crystal cell can be used as the 
polarizing rotator. In addition, it is also possible to use a 
nonlinear optical crystal such as PLIZT as the polarizing 
rotator. 

It is possible to use the liquid crystal cell in the operation 
mode of TN (tWisted nematic), STN (super tWisted nematic), 
PI tWist cell, OCB (Optically Compensated Birefringence), 
etc. by using a nematic liquid crystal material. It is also 
possible to use the liquid crystal cell in the operation mode 
of SSFLC (Super StabiliZed Ferroelectric Liquid Crystal), 
DHF (Deformed Helix Ferroelectric liquid crystal), AFLC 
(Anti-Ferroelectric Liquid Crystal) or TLAF (Threshold 
Less Anti-Ferroelectric liquid crystal) by using a smectic 
liquid crystal material. 

It suf?ces for the polariZing rotator to be capable of 
selecting Whether to rotate the incident polariZing plane by 
90° by means of voltage application or by any means 
replacing the voltage application. It is desirable for the 
polariZing rotator to be capable of uniformly rotating the 
polariZing plane over the entire visible light range. It is also 
important for the response time to be short. In terms of the 
response time, it is desirable to use a PI tWist cell, (SS)FLC, 
AFLC, TLAF, etc. These liquid crystal cells permit the 
sWitching Within 1.5 ms. 

The rotating mechanism of the polariZing plane should be 
under 1/2 Wavelength condition, i.e., retardation should be set 
at 200 to 350 nm, preferably 250 to 280 nm, and the phase 
axis of the rotating mechanism should make 45° relative to 
the incident light main axis. When it comes to the nematic 
liquid crystal cell, an AC voltage is not applied or applied so 
as to permit transmission by rotation by 90° of the polariZing 
plane and the disappearance of the phase difference. Also, 
When it comes to the smectic series liquid crystal cell, the 
phase axis can be rotated by 45° by the polarity selection of 
the applied voltage so as to perform similarly 90° rotation/0° 
rotation. 
As a means for compensating the Wavelength dispersion 

described previously, it is effective to optimiZe the And 
Wavelength dispersion of the liquid crystal layer or to use a 
birefringent retardation ?lm for the compensation. It is also 
possible to incorporate the birefringent retardation ?lm in 
the retarder consisting of a plurality of layers. 
As an absorption type partial polariZer, it is possible to use 

a chromatic polariZer containing the dichroic dye. In 
general, the chromatic polariZer containing a dichroic dye is 
prepared by alloWing a PVA material used as a base material 
to contain a dichroic dye, folloWed by stretching the PVA 
base material so as to achieve orientation and to impart 
dichroic properties of absorption/transmission. In the 
present invention, it is possible to use a chromatic polariZer 
of any color. In general, it is desirable to use the so-called 
yelloW polariZer, red polariZer, magenta polariZer, etc., 
Which are satisfactory in their dichroic ratio, as the chro 
matic polariZer. 
As a dichroic dye exhibiting these colors, it is possible to 

use CI-direct yelloW 12, CI-direct yelloW 44 for the yelloW 
polariZer, and CI-direct red 81, CI-direct red 83, etc. for the 
red or magenta series polariZer. It is also possible to use an 
aZo series colorant, an anthraquinone series colorant and 
cumarin series colorant as the colorant skeleton. Further, it 
is possible to mix appropriately various colorants. 

It is necessary for the absorption axis of the chromatic 
polariZer to be roughly coincident With one of the polariZing 
main axes of the adjacent retarders. Also, in this case, it is 
necessary for the direction of the absorption axis of the color 
polariZer to be roughly coincident With the hue of the 
transmitted Wavelength spectrum of the coincident polariZ 
ing main axis. 
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For example, in the case of using a yelloW chromatic 

polariZer, the transmitted spectrum given by the adjacent 
retarder and the full Wavelength polariZer is blue/yelloW, and 
the absorption axis must be roughly coincident With the 
direction of yelloW. Further, it is desirable for the cut off 
Wavelength K1 in the Wavelength spectrum of yelloW given 
by the adjacent retarder and the full Wavelength polariZer 
and the cut off wavelength )»2 of yelloW in the absorption 
axis of the chromatic polariZer to meet the relationship: 
)tldtz. 
On the other hand, in the case of a red (magenta) series 

chromatic polariZer, it is desirable for the transmitted spec 
trum given by the adjacent retarder and the full Wavelength 
polariZer to be a combination of red/cyan and for the 
similarly de?ned cut-off Wavelength to meet the relationship 
of )tl>)tz. 

It is possible to use the color shutter of the present 
invention, Which is constructed as described above, in 
combination With an imaging means for displaying a mono 
chromatic tWo dimensional image, e.g., a monochromatic 
CRT (cathode ray tube). To be more speci?c, it is possible 
to arrange the imaging means such that the observer is 
sandWiched betWeen the color shutter and the imaging 
means, and the tWo sets of the polariZing rotators are rotated 
in synchroniZation With the image display so as to achieve 
a color image display by the ?eld-sequential additive color 
mixing. 

It is possible to use a monochromatic light emitting type 
image display device or the like as the monochromatic 
image display means. Speci?cally, in addition to CRT, it is 
also possible to use FED (Field Emission Display), PDP 
(Plasma Display Panel), inorganic/organic EL (Electro 
Luminescence) display, TFT-LCD (Thin Film Transistor 
Liquid Crystal Display), etc. as the monochromatic image 
display means. 

Also, these devices can be used not only as a direct vision 
type image display device but also as a projection type 
display device. In addition, it is effective to use these devices 
in a single plate re?ection type projector using a DMD 
(digital micro mirror device). 
What is required for these image display devices is a high 

brightness and a high resolution. In addition, it is required 
for the light emission attenuating time or the response time 
to be short. For example, Where the RGB sub-?eld is 
displayed in 1 frame period 1/60 s, the display corresponds 
to a triple speed display, and each sub-?eld period is 5.5 ms. 
It folloWs that the transmitted color of the color shutter is 
selected and the image corresponding to the displayed color 
of the image display device on the back surface is ?nished 
after the response Within the sub-?eld period noted above. 

In order to perform the above-noted display operation 
smoothly, it is desirable to divide the image plane of the 
polariZing rotator in the color shutter into a plurality of 
regions in a vertical direction on the image plane so as to 
perform the scroll operation by sequentially delaying the 
phases of the applied voltage. 

Various Examples of the present invention Will noW be 
described. Needless to say, hoWever, the present invention is 
not limited to these Examples. These Examples can be 
employed in various combinations. Also, these Examples 
can be altered and modi?ed in various fashions. 

EXAMPLE 1 

FIG. 10 schematically shoWs the construction of a color 
shutter according to a ?rst embodiment of the present 
invention. As shoWn in the draWing, three achromatic polar 














